Stephen Jay Gould (1941–2002) A Wonderful Life by Carroll, Sean B.
Developmental Cell, Vol. 3, 21–23, July, 2002, Copyright 2002 by Cell Press
Obituary
monthly Natural History essays (Gould, 1985; Gould,
1991a; Gould, 1991b; Gould, 1994; Gould, 1998).
Gould’s intense focus on ontogeny coincided, and
Stephen Jay Gould (1941–2002):
A Wonderful Life
was intertwined, with the elaboration of his major contri-
bution to evolutionary thought—the theory of “punctu-
ated equilibrium.” With coauthor Niles Eldredge, Gould
offered a different explanation for the long-established
paleontological observation that morphologically dis-
“Let us now praise famous men.” So began Stephen crete species often appeared in geologically instanta-
Jay Gould’s essay on the 100th anniversary of Darwin’s neous bursts and subsequently exhibited long periods
death (Gould, 1982a), and now, sadly, it is our turn to (i.e., millions of years) of stability (stasis) (Eldredge and
praise Gould, who passed away on May 20, 2002, in Gould, 1972). Rather than support the conventional view
New York (see Figure). of this pattern as the product of an imperfect fossil
Familiar to all biologists from his twenty-plus books, record, Gould and Eldredge argue that stasis is mean-
his 300 consecutive monthly essays in Natural History ingful data and that punctuated equilibrium is a viable
over a 25-year span, and his omnipresence in all media alternative to the phyletic gradualism of traditional Dar-
whenever evolution was explored, debated, or attacked, winism. The debate over punctuated equilibrium has
Gould’s unique energy and talent have left us a library been lively for nearly 30 years (Gould and Eldredge,
full of treasures, spanning from Darwin to dinosaurs to 1993), in large part, because it asserts a qualitatively
DiMaggio (the New York Yankee idol of his youth). Here, different view of macroevolution (largely defined as evo-
I will highlight just a few of Gould’s interests and many lution at or above the species level). Rather than viewing
works, in particular, those that reflect his advocacy for macroevolution as an extrapolation of microevolution-
the place of embryology as the critical missing element ary processes (change within species), Gould was a
in a complete synthesis of evolutionary biology. strong advocate of a hierarchical view of evolution, with
Gould was trained as a paleontologist, a natural path selection acting above the level of individuals on species
arising from his fascination with dinosaurs in his Queens, or groups of species, such that macroevolution is a
New York, boyhood. His early work (on snails) had a product of the differential success and sorting of spe-
prominent morphological and morphometric aspect, cies. The fundamental paradigm shift claimed by propo-
and this led him to think broadly and deeply about the nents of punctuated equilibrium is the level of causality
role of relative changes in size in evolution, including, for evolutionary patterns, broadening it to include forces
for example, the evolution of human brains. In the mid- that affect species and whole clades.
1970s, Gould was frustrated that, while it appeared obvi- In the early days of punctuated equilibrium, mecha-
ous that “heterochrony”—changes in timing during de- nisms were sought that might explain punctuation
velopment—was the key to understanding morphologi- events. This revived interest in ideas once forwarded by
cal evolution, essentially nothing was known about the Richard Goldschmidt, who, in the late 1930s, advocated
mechanisms of development, let alone how to change that entirely different kinds of mutational events were
development. Gould’s book Ontogeny and Phylogeny responsible for the origin of species and higher taxa
(Gould, 1977) was a milestone because of its resur- than for variation within populations (Goldschmidt,
rection of long-neglected topics at the interface of 1982). Gould did much to renew attention to Goldschmidt.
evolutionary biology and embryology. The timing of its He wrote an introduction to a reprinting of Gold-
schmidt’s treatise on evolution (Gould, 1982b), and hepublication, on the eve of the genetic revolution in devel-
revisited one of Goldschmidt’s most intuitively appeal-opmental biology, provided inspiration to, and a frame-
ing, yet widely discredited, ideas—“the hopeful mon-work for, the growth of the new comparative embryology
ster” (Goldschmidt, 1982). This was the idea that a rarethat was to emerge. In the closing chapter of Ontogeny
“macromutation” would endow upon individuals an ad-and Phylogeny, Gould touched upon what little empirical
vantage that, under the right circumstances, could giveand theoretical work was available at the time to under-
rise to new forms and species. Clearly, Gould held ascore the importance of regulatory change. Citing the
great deal of personal sympathy for Goldschmidt, whoseminal works of Zuckerkandl and Pauling, Britten and
was ostracized for his challenge to the then crystallizingDavidson, and King and Wilson, Gould stated that
modern synthesis. Gould embraced Goldschmidt’s con-
cept of microevolution and macroevolution as distinctan understanding of regulation must lie at the center
levels of the evolutionary process, but saw, as all othersof any rapprochement between molecular and evolu-
have, that unique genetic mechanisms for macroevolu-tionary biology; for a synthesis of the two biologies
tion are neither necessary nor supported by any empiri-will surely take place, if it occurs at all, on the com-
cal evidence. In a widely read essay, Gould explored themon field of development (Gould, 1977).
promise of homeotic mutants, not as hopeful monsters,
In the course of the next two decades, Gould was but, as the title of the essay coined them, as “helpful
proven prescient by the emergence of evolutionary de- monsters” in leading us toward a fruitful path to under-
velopmental biology, and he chronicled many of the standing the genetics of animal development (Gould,
1983).stunning discoveries of this new discipline in his regular,
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Portrait kindly provided by the Harvard Uni-
versity Press (spring 2002).
Punctuated equilibrium was not Gould’s only chal- early 19th century and the search for unifying principles
of animal design (Gould, 1985). St. Hilaire saw potentiallenge to conventional evolutionary thinking. In a very
influential essay cowritten with Richard Lewontin, Gould similarities between arthropods and vertebrates (invert
the lobster dorsoventral axis and voila´—a vertebrate)critiqued the tendency of evolutionary biologists to con-
coct “just so” stories of adaptation under natural selec- and paid the price for his heresy. Gould always delighted
in the discoveries that could vindicate the underdog intion to explain the existence and function of virtually
every trait. In “The Spandrels of San Marco and the some of the great debates in biology.
The discovery of a growing number of unexpectedPanglossian Paradigm,” Gould and Lewontin borrowed
an architectural term, “spandrel,” to describe a class of similarities in genetic regulatory mechanisms among dif-
ferent animals forced developmental biology to departstructures that arise as necessary byproducts of other
design elements, not as direct adaptations for some from a largely mechanistic quest to consider historical
issues. For example, what do the similarities of Hoxutility (Gould and Lewontin, 1979). The spandrel concept
and the problem of demonstrating or falsifying adap- genes and body axis patterning and Pax-6 genes and
eye development tell us about animal ancestors (Gould,tionist hypotheses have spurred much debate and dis-
cussion, particularly with respect to the role of “develop- 1985; Gould, 1994)? The pursuit of these questions has
put paleontology and developmental biology at themental constraints” that may impose limits on the
direction of evolution (Pigliucci and Kaplan, 2000). For same table for the first time. I would venture to say that
few developmental biologists working with flies, mice,example, the size of a given body part may not reflect
so much the direct role of selection (i.e., an adaptation) or nematode worms in the 1980s could have drawn a
consensus evolutionary tree for animals, had ever heardbut may be a byproduct of selection on another
structure. of Pikaia or Ayshaeia, or could venture to guess the
timeframe of animal history. But this has all changed,As the molecular era of developmental genetics un-
folded, Gould was an enthusiastic commentator. The and even molecular biologists now dare to use “Cam-
brian” in a sentence!discovery of colinear Hox complexes in vertebrates led
him to revisit the great Cuvier-St. Hilaire debate of the One critical spark to the interest in animal history and
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known, well-told scientific story, plenty of mysteries to Press).
inspire the next generations, and a broad perspective Gould, S.J. (1982a). Darwinism and the expansion of evolutionary
theory. Science 216, 380–387.upon life history for the layman. The timing of Wonderful
Life’s publication, just as developmental geneticists Gould, S.J. (1982b). The uses of heresy: an introduction to Richard
Goldschmidt’s The Material Basis of Evolution. In The Material Basiswere shattering long-held notions with discoveries of
of Evolution (New Haven: Yale University Press), pp. xiii–xlii.startling similarities among disparate animals, was ei-
Gould, S.J. (1983). Helpful monsters. In Hen’s Teeth and Horse’sther incredibly fortunate or another example of Gould’s
Toes (New York: Norton), pp. 187–198.instinct for future revolutions. Some favorite ideas, such
Gould, S.J. (1985). Geoffroy and the homeobox. Nat. Hist. 94, 12–23.as the greater anatomical disparity of Cambrian than
Gould, S.J. (1989). Wonderful Life: The Burgess Shale and the Naturemodern animals or of a genetic catalyst for the Cambrian
of History (New York: Norton).explosion, have been dispelled, but that is the wonderful
Gould, S.J. (1991a). Eight (or fewer) little piggies. Nat. Hist. 100,consequence of Gould’s essays and books—to have
22–29.
inspired more work and thought and to have drawn
Gould, S.J. (1991b). Of mice and mosquitos. Nat. Hist. 100, 12–20.
biologists of many stripes to consider evolutionary ques-
Gould, S.J. (1994). Common pathways of illumination. Nat. Hist. 103,
tions. Surely, this was his aim for his enormous tome 12–20.
published this year, The Structure of Evolutionary The-
Gould, S.J. (1996). Full House (New York: Harmony Books).
ory (Gould, 2002).
Gould, S.J. (1997). Bright star among billions. Science 275, 599–600.
Gould’s enormous productivity and intellectual
Gould, S.J. (1998). On embryos and ancestors. Nat. Hist. 207, 20–28.
breadth made him the singularly most recognized and
Gould, S.J. (2002). The Structure of Evolutionary Theory (Cambridge,
quoted voice and writer in biology. This put him in the MA: Harvard University Press).
political and legal arena with foes of evolution education,
Gould, S.J., and Eldredge, N. (1993). Punctuated equilibrium comes
and Gould played a key role in the Arkansas creationism of age. Nature 366, 223–227.
decision in the early 1980s (Overton, 1982). However, Gould, S.J., and Lewontin, R.C. (1979). The spandrels of San Marco
baseball was a lot more fun than politics, and Gould and the Panglossian paradigm: a critique of the adaptionist pro-
gramme. Proc. R. Soc. Lond. B Biol. Sci. 205, 581–598.wove it into his writings on many occasions. He devoted
a large section of Full House (Gould, 1996) to an analysis Overton, W. (1982). Decision in McLean versus the Arkansas Board
of Education. Science 215, 934–943.of the extinction of the .400 hitter (an exercise that left
Pigliucci, M., and Kaplan, J. (2000). The fall and rise of Dr. Pangloss:his readers elsewhere in the world scratching their
adaptionism and the Spandrels paper 20 years later. Trends Ecol.heads). He was even consulted for Ken Burns’s PBS
Evol. 15, 66–70.documentary Baseball and offered his historical take on
the epic tragedy of the Red Sox (if you don’t know what
I’m talking about, I apologize, but it is too painful for me
to explain). Gould’s celebrity extended to the highest
reaches of American culture—no, I’m not speaking of
Harvard, but of his guest appearance on The Simpsons.
Paleontologist, historian, baseball fanatic, writer,
critic, opera lover—Gould wore all of these hats with
youthful exuberance and pervasive optimism. He attrib-
uted his successful battle with a very dangerous cancer
two decades ago to such a positive outlook. It also fell
to Gould, as the premier American commentator on the
scientific scene, to eulogize some fellow greats. I’ll close
by paraphrasing his parting words for the late Carl Sagan
in an obituary in Science (Gould, 1997): You had a won-
derful life, Steve, although too short.
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